To apply the Health Belief Model (HBM) to fall prevention of the elderly and estimate fall health beliefs and their relationships with fall-related behaviors, a citywide cross-sectional study was conducted among people aged 60 years or over in 13 out of 16 districts in Shanghai, China, in September 2018. A total of 5833 participants were investigated. Of this, 43.4% were male; 48.8% were aged 60-69; 18.1% were uneducated; and 50.3% were living in urban areas. People who were older, less educated, living in rural areas generally had lower scores in the 7 HBM dimensions and also had lower proportions of fall risk-reduction behaviors, except that the less educated elderly were more likely to participate in exercise and training and the rural elderly were more likely to check house environment and participate in exercise and training (p < 0.001). The HBM dimensions were generally positively correlated with the risk-reduction behaviors except that "perceived severity" was negatively correlated with four risk-reduction behaviors and behavior number, "cues to action" was negatively correlated with purchasing shoes, and "perceived benefits" was negatively correlated with participating in exercise activities and fall prevention training (p < 0.05). When HBM is applied in the field of fall prevention, the interpretation of the results of each dimension has its characteristics in the fields of injury research. Fall prevention strategies should focus on improving the health beliefs and behaviors in those who were older, less educated and living in rural areas, implementing different levels of fall prevention activities to meet different needs, improving the accessibility and applicability of related resources, and raising the organizational level of related fall prevention activities.
Introduction
Fall injury of the elderly has become a severe public health problem because of aging populations [1] and disease spectrum shift [2] . Fall is the leading cause of death among all types of injuries in elderly people [3] . China is facing a huge challenge of an aging population, and there were approximately 241 million (17.3%) people aged 60 years or over at the end of 2017 [4] , with a larger proportion in mega-cities, e.g., 33 .2% in Shanghai [5] . It was reported that 60%-75% of the falls caused injuries and that 6%-8% of the fall-related injuries were fractures [6] . Fall injuries accounted for more than half of all types of injuries [7] . Fall injury has become one of the top 15 causes of death in China since 2013 [8] . The age-standardized death rate from falls increased by 12.0% from 7.89 in 1990 to 8.52 per 100,000 people in 2017 [9] . Outcomes also include various disabilities and hospitalization [10] , causing economic loss and social burden [2, 3] .
Therefore, preventing falls should be a priority of public health strategies for the elderly. The factors affecting falls of the elderly people are complicated, including social demographic factors, physical function status, mental states, chronic diseases, medication usage, lifestyle factors, and living environment [11] [12] [13] [14] . It is crucial for fall prevention to correctly recognize these risk factors and then take appropriate measures, such as using appropriate auxiliary equipment, wearing suitable shoes and clothes, creating a safe home environment, and exercising regularly and safely [3, 11, 12] . It is also important for medical professionals to evaluate fall-related risk awareness, the perceptions and behaviors of the elderly people, to identify fall prevention needs and to find solutions.
The Health Belief Model (HBM) is a classic and widely used psychological theory in health science. It is believed that individual's behaviors are the results of psychological activities, and the most direct psychological activities that determine people to take certain behaviors are perception, attitude, and belief [15] . The HBM defines the key factors that influence health behaviors as an individual's perceived threat to sickness or disease (perceived susceptibility), belief of adverse consequence (perceived severity), potential positive benefits of action (perceived benefits), perceived barriers to action, exposure to factors that prompt action (cues to action), health motivation, and confidence in ability to succeed (self-efficacy) [16, 17] . Psychological activities were divided into several factors to synthetically explain why people take or not take a specific action. The HBM has been successfully applied in health education and health promotion for explaining and promoting preventive health behaviors [18] [19] [20] [21] , including the field of injury prevention [22] [23] [24] . The purpose of this study was to apply the HBM to fall prevention of the elderly by estimating fall health beliefs and the relationship with fall-related behaviors order to explore the possibilities to intervene falls among elderly people.
Materials and Methods

Study Design and Participants
This was a cross-sectional study conducted among men and women aged 60 or over from 13 out of 16 districts in Shanghai, China, in 2018. The participants were selected using multi-stage sampling. Of the 13 districts, 7 were urban districts and 6 were rural districts. In each district, one community was conveniently sampled. A community was defined as a sub-district in an urban district or a town in a rural district according to the administrative division in China. In each community, a neighborhood or a village was randomly selected. In the neighborhood or village, those who were not able to walk either with or without assistive devices or with severe medical problems were excluded. All eligible elderly people were informed about the purposes and contents of the investigation and the inclusion criteria. The elderly people were gathered in the Community Health Service Center, and the investigation was conducted by well-trained doctors in the center until the sample size met the requirement. At least 430 elderly adults were recruited from each community, which was calculated based on fall incidence in Shanghai. A total of 5833 participants were investigated, including information on demographic factors, fall health beliefs and fall-related behaviors. All procedures performed in the study involving human participants were in accordance with the ethical standards of the Ethics Committee of Fudan University (International registration number: IRB00002408&FWA00002399). Informed consent was obtained from each participant.
Fall-Related HBM Scale Development and Assessment
Following an investigation of falls risk factors and epidemiologic characteristics in Shanghai, the review of literature and consultation with researchers and health professionals, a short self-administered questionnaire was designed to capture health belief indicators related to falls among the elderly. The questionnaire was composed of 7 dimensions with 26 items according to the HBM (see Table 1 for dimensions and items). A 5-point Likert scale was used to rate the items with 1-5 mark for 'strongly disagree', 'disagree', 'neutral', 'agree', and 'strongly agree'. The 5 items of perceived barriers were reverse coded so that the effect was in the direction hypothesized by the HBM theory. The questionnaire was further evaluated and modified by experts in the field of epidemiology, injury prevention mapping, health education, and fall prevention professionals for its content validity and clarity. Figure 1 shows the factor structure of the HBM and the standardized path coefficient. Confirmatory Factor Analysis Weighted Score method was used to calculate the weighted HBM dimension scores with a higher score representing a better fall heath belief [22, 25, 26] . 
Fall-Related Behaviors
With the HBM questionnaire, seven fall-related behaviors of the elderly over the past 12 months were investigated by asking the following questions: (1)"Will you have a trial before purchasing crutches or other walking aids?"; (2)"will you have optometry check before purchasing presbyopic glasses?"; (3)"will you have hearing tests before purchasing hearing-aid"; (4)"did you try your shoes before purchasing?"; (5)"did you often check your house environment to prevention fall?"; (6)"did you participate in the organized exercise activities to prevention fall?"; and (7)"did you participate in the organized training on fall prevention for the elderly?". Each question has 2 options of "yes" and "no", with "yes" representing a correct behavior and "no" representing a risk behavior. The total "yes" number of the 7 behavior questions was accumulated as risk-reduction behavior number, with higher number representing better behavior. A "risk-reduction behavior group" was defined as those who chose "yes" for each fall-related behavior, and a "risk behavior group" was defined as those who chose "no" for each fall-related behavior.
Statistical Analysis
Statistical analyses were performed with AMOS 23.0 and SPSS V21.0 software. Confirmatory factor analysis was performed by using AMOS 23.0 to test the structural validity of the HBM scale. 
Fall-Related Behaviors
Statistical Analysis
Statistical analyses were performed with AMOS 23.0 and SPSS V21.0 software. Confirmatory factor analysis was performed by using AMOS 23.0 to test the structural validity of the HBM scale. Cronbach's alpha test was performed to analyze the reliability of the overall HBM scale and HBM dimensions. Confirmatory Factor Analysis Weighted Score method was used to calculate the weighted HBM dimension scores [22, 26] . Descriptive statistics such as means and proportions were used to describe the distributions of demographic characteristics, HBM dimension scores, and fall-related behaviors. Heat plot was used to display the fall risk-reduction behavior proportions according to demographic variables. Chi-square tests were performed to compare fall-related behaviors according to demographic variables and the demographic characteristics between the risk-reduction behavior group and the risk behavior group. Independent-samples t-tests were performed to compare HBM dimension scores according to demographic variables and between the risk-reduction behavior and risk behavior groups. Multivariate logistic regression analysis was conducted to analyze the association between HBM dimensions and fall-related risk-reduction behaviors. A generalized linear model was conducted to analyze the association between HBM dimensions and fall-related behavior number. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. An alpha level of less than 5% was considered to be statistically significant.
Results
Of the 5833 participants, 2531 (43.4%) were male; 2847 (48.8%) aged 60 to 69; 1056 (18.1%) were uneducated; and 2934 (50.3%) were living in urban areas ( Table 2 ). The overall HBM score was 36.88 ± 4.47. Scores of the 7 HBM dimensions ranged from 5.99 ± 0.88 ("health motivation") to 14.00 ± 1.66 ("perceived susceptibility"). Compared with men, women scored higher on "health motivation", and "self-efficacy". People who were older, less educated, living in rural areas generally scored lower (p < 0.05) ( Table 3) . The results were expressed as Mean ± SD; *** p < 0.001; ** p < 0.01; * p < 0.05. Figure 2 shows the heat plot of fall risk-reduction behaviors in associations with demographic factors. The proportion of risk-reduction behavior of checking environment was the lowest, followed by purchasing walking aids correctly. Women tended to have higher proportions of all the risk-reduction behaviors compared with men, but the gender differences were not statistically significant (p > 0.05). The proportions of risk-reduction behaviors decreased with age (p < 0.001). Education level was negatively associated with participating in exercise and training, but was positively associated with other risk-reduction behaviors (p < 0.001). Compared with rural elderly people, urban elderly were more likely to correctly buy walking aids, presbyopic glasses, hearing-aid and proper shoes, but were less likely to check house environment and participate in exercise and training (p < 0.001). Figure 2 shows the heat plot of fall risk-reduction behaviors in associations with demographic factors. The proportion of risk-reduction behavior of checking environment was the lowest, followed by purchasing walking aids correctly. Women tended to have higher proportions of all the riskreduction behaviors compared with men, but the gender differences were not statistically significant (p > 0.05). The proportions of risk-reduction behaviors decreased with age (p < 0.001). Education level was negatively associated with participating in exercise and training, but was positively associated with other risk-reduction behaviors (p < 0.001). Compared with rural elderly people, urban elderly were more likely to correctly buy walking aids, presbyopic glasses, hearing-aid and proper shoes, but were less likely to check house environment and participate in exercise and training (p < 0.001).
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Figure 2.
Heat plot of fall risk-reduction behavior proportions and associated demographic variables. Figure 3 shows the HBM dimension scores in the risk behavior group and risk-reduction behavior group. For all the seven fall-related behaviors, HBM dimension scores and the overall HBM scores were higher in risk-reduction behavior group than in risk behavior group (p < 0.05), except for "perceived barriers" in purchasing hearing-aid correctly, checking environment, participating in exercise activities, and participating in fall prevention training. Table 4 shows the demographic characteristics of the risk-reduction behavior group and the risk behavior group. Compared with the risk behavior group, the risk-reduction behavior group had larger proportions of women and younger participants, and there was no significant gender difference between the two groups. In the risk-reduction behavior group, participants with higher education and urban elderly were more likely to have the behaviors of purchasing walking aids, purchasing presbyopic glasses, purchasing hearing-aid, and purchasing shoes, but were less likely to have the behaviors of checking environment, participating in exercise activities, and participating in fall prevention training. Figure 3 shows the HBM dimension scores in the risk behavior group and risk-reduction behavior group. For all the seven fall-related behaviors, HBM dimension scores and the overall HBM scores were higher in risk-reduction behavior group than in risk behavior group (p < 0.05), except for "perceived barriers" in purchasing hearing-aid correctly, checking environment, participating in exercise activities, and participating in fall prevention training. Table 4 shows the demographic characteristics of the risk-reduction behavior group and the risk behavior group. Compared with the risk behavior group, the risk-reduction behavior group had larger proportions of women and younger participants, and there was no significant gender difference between the two groups. In the risk-reduction behavior group, participants with higher education and urban elderly were more likely to have the behaviors of purchasing walking aids, purchasing presbyopic glasses, purchasing hearing-aid, and purchasing shoes, but were less likely to have the behaviors of checking environment, participating in exercise activities, and participating in fall prevention training. The effect of HBM dimensions on the seven fall-related risk-reduction behaviors and behavior number was shown in Figure 4 . The HBM dimensions were generally positively correlated with the risk-reduction behaviors and behavior number except that "perceived severity" was negatively correlated with four risk-reduction behaviors and behavior number, "cues to action" was negatively correlated with purchasing shoes, and "perceived benefits" was negatively correlated with participating in exercise activities and fall prevention training.
The effect of HBM dimensions on the seven fall-related risk-reduction behaviors and behavior number was shown in Figure 4 . The HBM dimensions were generally positively correlated with the risk-reduction behaviors and behavior number except that "perceived severity" was negatively correlated with four risk-reduction behaviors and behavior number, "cues to action" was negatively correlated with purchasing shoes, and "perceived benefits" was negatively correlated with participating in exercise activities and fall prevention training. 
Discussion
This study used HBM to prevent falls in the elderly. The reliability and validity of the HBM scale is good. In the programs for the elderly fall prevention health education, HBM has been used to design health education content and is used to assess the effectiveness of these educational tools. However, the reliability and validity of these tools have not been verified, or the relevant information is not described in details [27, 28] . In addition, the application of HBM to fall prevention in different elderly populations who have different demographic characteristics is rare.
The HBM dimension scores of risk-reduction behavior groups were higher than those of the risk behavior groups. The elderly's risk-reduction behaviors and risk-reduction behavior number were generally positively correlated with the HBM dimensions score. This is consistent with the findings of HBM theory in the study of other diseases [19, 20] . 
The HBM dimension scores of risk-reduction behavior groups were higher than those of the risk behavior groups. The elderly's risk-reduction behaviors and risk-reduction behavior number were generally positively correlated with the HBM dimensions score. This is consistent with the findings of HBM theory in the study of other diseases [19, 20] .
However, "perceived severity" is negatively correlated with four risk-reduction behaviors and the risk-reduction behavior number. This may be due to the fact that when the elderly are worried about falls, some of their fall-prevention actions are constrained. For example, they will do less exercise. Generally, a higher perceived severity score indicates a higher level of awareness towards the severity of disease or untreated situation, and a greater likelihood of behavior improvement due to the fear of serious consequences. But in this case, it is the opposite. This may also be the difference between injury prevention research and research of other diseases, such as chronic diseases.
"Cues to action" has a negative effect on the purchase of correct shoes, probably due to the rapid development of online shopping in China and the limited number of physical stores [29] . TV shopping, mobile shopping, and online shopping may all affect shopping behavior of the elderly. On the one hand, the proportion of elderly who do online shopping is getting higher and higher. On the other hand, children of the elderly shop for the elderly mainly using the internet. Therefore, compared with the traditional physical store shopping, the try-on behavior is less and less.
The negative impact of "perceived benefits" on health promotion behaviors is rare. But our results indicate that "perceived benefits" are negatively correlated with participation in physical activities and fall prevention training. Since these two activities are closely related to community resources and organizational conditions, the factors including accessibility and applicability of exercise facilities and places, the faculty/content/form of training activities can influence the elderly's participation in physical activity and fall prevention training. Even if the elderly have a high "perceived benefits" score, it is possible that the relevant activities and training provided by the community cannot meet the actual needs of the elderly, thus the behavior does not correspond to the perceived benefit scores. The findings also provide a reference for future improvements in community fall injury interventions.
Education level represents knowledge, economic status and social status to a certain extent. This study showed that education level is positively correlated with fall-related health beliefs and risk-reduction behaviors in general. However, we also found that elderly with higher education had poorer "self-efficacy", and were less likely to participate in exercise and training. Higher-educated elderly have significantly higher awareness of "perceived severity", "perceived susceptibility" and "perceived barriers" than lower-educated elderly, as the one who knows nothing fears nothing. This may also lead to their lack of confidence in the implementation of fall intervention measures. Higher-educated elderly have higher requirements for related activities and training. Some of the current activities may not meet their expectations and cannot provide corresponding services for the elderly with different levels of needs. Generally speaking, except for the above two points, lower-educated elderly had poorer fall prevention health beliefs and behaviors, which need more attention.
There are differences in health beliefs and fall-related behaviors between urban and rural areas. Except for "cues to action" and "self-efficacy", urban elderly have a higher score in the other five HBM dimensions. This may be due to the urban-rural differences in daily life, knowledge levels, and medical services barriers. Compared with urban elderly, the rural elderly's purchasing behaviors of fall prevention related equipment and daily necessities need to be improved, especially for those who cannot purchase related equipment, suitable shoes and other life necessities due to lack of correct purchasing route and low purchasing power. Since the "self-efficacy" score of rural elderly is higher than that of urban elderly, providing appropriate resources and guidance may improve rural elderly's behaviors quickly and effectively.
This study was conducted in 13 districts in Shanghai and was a sub-project of Shanghai Elderly Fall Prevention Project. Given the big coverage and sample size, communities were conveniently selected to ensure feasibility and sustainability. Therefore, selection bias may exist. In addition, Delphi consultation was not conducted during the development of fall HBM scale, and that is why content validity was not available in this study. However, several rounds of experts' consultation meetings in related fields were held apart from the literature review. The Cronbach coefficient and fit statistics of confirmatory factor analysis also showed that the reliability and validity of the HBM scale were acceptable in this study.
Conclusions
This study used HBM to promote fall prevention in different elderly populations who have different demographic characteristics. When HBM is applied in the field of fall prevention, the interpretation of the results of each dimension has characteristics in the fields of injury research. The focus of fall prevention strategies is to improve the health beliefs and behaviors in those who were older, less educated and living in rural areas, implementing different levels of fall prevention activities to meet different needs, improving the accessibility and applicability of related resources, and raising the organizational level of related fall prevention activities.
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